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I. INTRDDUCPION 

The u s e  of hypergol ic  systems as m i s s i l e  p r o p e l l a n t s  has introduced han- 
d l i n g  problems not  assoc ia ted  w i t h  ordinary fuel-oxidant systems. 
i n t e r e s t  here  are t h e  hypergol ic  systems i n  vhich hydrazine f u e l s  a r e  combined 
with ni t rogen te t roxide .  
been s tudied r a t h e r  ex tens ive ly  a t  the  Bureau of Mines. 
results obtained to  date with hydrazine, monomethyl hydrazine, and unsymmetrical 
dimethyl hydrazine a t  the  Explosives Research Laboratory. 

Of p a r t i c u l a r  

The flammability c h a r a c t e r i s t i c s  of such systems have 
This r e p o r t  contains  the 

11. EXPERIMENTAL RESULTS 

A. NO?* - A i r  Mixtures 

WUnimUm spontaneous i g n i t i o n  temperatures (S. I.T.) o f  l i q u i d  hydrazine, 
unsymmetrical dimethylhydrazine (ULBlH), and monomethylhy r a z i n e  (MMR), w e r e  de te r -  

A S M  auto igni t ion  temperature apparatus  (1, 2). These tests w e r e  conducted by in- 
j e c t i n g  the l i q u i d  f u e l  i n t o  a heated atmosphere of  N02* and a i r  contained i n  a 
uniformly heated 250 cc. pyrex erlenmeyer f lask .  The r e s u l t s  o f  these  tes ts  a r e  
given i n  Figure 1 where t h e  S.I.T. i s  p l o t t e d  as a funct ion of N02* content .  In 
w e r y  t e s t  the f u e l  and oxidant  reac ted  on contac t  producing a white cloud of  f i n e  
p a r t i c l e s ;  howwer, as noted i n  t h e  f igure ,  t h i s  r e a c t i o n  d id  n o t  always culminate 
i n  an  ign i t ion .  Although 70 p l i t e r s  of l f q u i d  f u e l  w a s  normally used i n  each test ,  
prel iminary s t u d i e s  showed t h a t  the S.I.T. vas independent of  the f u e l  volume down 
to  at  l e a s t  10 p l i t e r s .  Time delays between i n j e c t i o n  of  the  l i q u i d  and i g n i t i o n ,  
when it  occurred, were impercept ible  t o  the observer. The s h o r t  hor izonta l  l i n e s  
appearing on the  curves i n  Figure 1 i n d i c a t e  t h e  u n c e r t a i n t y  i n  t h e  NO2* concentra- 
t i o n  (k0.8 volume percent  a t  100°C.). 
to  e s t a b l i s h  each cume.  

mined a t  25OC. i n  contac t  with ni t rogen te t roxide  (N02*) 9 -air mixtures  i n  a modified 

' 

Approximately 100 separa te  t e s t s  w e r e  conducted 

The r e s u l t s  of Figure 1 show t h a t  a t  ambient temperature (25'C.) l i q u i d  
UDMH i g n i t e s  spontaneously i n  those N02*-air mixtures conta in ing  more than about 8 
volume percent  NO2*; s i m i l a r l y ,  MMH and hydrazine i g n i t e  i n  N02*-air mixtures  con- 
t a i n i n g  more than about 11 and 14 percent ,  respec t ive ly .  
t h e  WMff i g n i t e s  i n  t h e  presence of lower concentrat ions of  N02* than does UDNH. 

A t  temperatures above 50°C. 

In the  f i r s t  experiments, the l i q u i d  f u e l  temperature was maintained a t  
25OC.; however, s i n c e  higher  ambient temperatures are encountered i n  p r a c t i c e ,  w e  
determined the  e f f e c t  of l i q u i d  temperature on the  S.I.T. of the fuels. Figures  2, 
3 and 4 show the results of t h i s  study. For both l i q u i d  hydrazine and UDMH a t  any 
f i x e d  concentrat ion of N02* i n  a i r ,  the  S.I.T. was found t o  i n c r e a s e  with decreasing 

f N02* represents  the  equi l ibr ium mixture of NO2 and N2O4. 

k 



242. 

l i q u i d  temperature. 
t h e  thermal theory of i g n i t i o n  s ince  an increase  i n  the f u e l  vapor concentration 
(due t o  an increase  i n  t h e  l i q u i d  temperature) increases  the  reac t ion  rate at any 
$ec i f i ed  oxidant temperature and concent ra t ion  and thereby lowers the  S.I.T. 
ewer, the  corresponding results f o r  l i q u i d  MME a t  36", 5 5 O  and 67°C. appear ta be 
a.a&malous and fu r the r  s tudy  is indicated.  

This appears to be  i n  agreement w i t h  t h e  r e s u l t s  pred ic ted  by 

Bow- 

B, NO7*-O?-Ee Mixtures 

To determine t h e  e f f e c t  of thermal conduct iv i ty  of the  ox id ize r  on the 
S.I.T. of UDMH, a series of  i g n i t i o n  temperature t e s t s  w a s  conchcted w i t h  "air" 
(EIeAir) i n  which the n i t rogen  was rep laced  with helium. The S.I.T. curve obta ined  
under these  conditions i s  g iven  i n  Figure 5, curve 5 (upper branch). 
t h i s  curve with curve a i n  Figure 1 shows t h a t  t h e  S.I.T. of UDME i n  N02*-E&r is 
t h e  same as t h a t  i n  N02*-Air, 

The S.I.T. curves ob ta ined  i n  N02*-02, N02*-He and va r ious  NO2eO2-Ee m i x -  

Comparison of 

t u r e s  a r e  a l s o  given i n  Figure 5. 
(0.3%) q u a n t i t i e s  of oxygen in helium have a subs t an t i a l  e f f e c t  on lowering the S.I.T. 
One would therefore  suspec t  that t h e  oxygen a c t s  as a t h i r d  body in the  k i n e t i c  mecha- 
n i s m s  (3). 
t he  S.I.T. o f  UDMH. 

One can see from these results that very  small 

The add i t ion  of  f u r t h e r  q u a n t i t i e s  of 02 has  a less pronounced e f f e c t  on 

C. E f fec t  o f  Pressure 

In an e f f o r t  t o  determine the  e f f e c t  of moderate oxidant pressure  changes 
on the  S.I.T. of these l i q u i d s ,  a series of experiments w a s  conducted on UDMK i n  a 
py-rex-lined s t e e l  conta iner  a t  15 and 45 p s i .  init ial  pressure;  t h e  conta iner  was 
equipped with su i t ab le  hardware f o r  pressure  measurement and in t roduct ion  of t h e  
gases and l iqu ids .  The results obta ined  a t  these pressures  are given i n  Figure  6, 
The r e s u l t s  obtained he re  a t  15 p s i a .  agree w i t h  those  obtained at  atmospheric 
pressure  Ln the modified BSTM appara tus  (Figure 1). Normally the  S.I.T. of a f u e l  
i s  not  a f f ec t ed  appreciably b y  moderate changes i n  pressure. 
c r ease  in pressure  from 15 t o  45 psia.  lowers the  S.I.T. o f  UIIHB i n  air by  4°C. 
(Figure 6). 
values  a t  these  two pressures  inc reases  and then eventua l ly  decreases again, Since 
a s m a l l  increase  i n  pressure  s h i f t s  t he  N02* equilibrium towards N2O4, we would 
expect a change i n  the S.I.T. with changing N204JNO2 r a t i o  if t h e  r e a c t i v i t y  of t h e  
two spec ies  (NO2 and N2O4) d i f f e r .  

For example, an in- 

However, a s  N02* i s  added to t h e  a i r ,  t he  d i f f e rence  betveen the S.I.T. 

This is i l l u s t r a t e d  i n  F igure-7  where t h e  changes 

i n  the  r a t i o  N204 
X2O &+NO 2 

and irt the N02* concentration (AN02*) . f o r  a M ps i .  change 

i n  pressure  a r e  p l o t t e d  as a func t ion  of  the  S.I.T. 
r e l a t i o n  between the change in N2O4 concent ra t ion  and the  change i n  N02* concentra- 
t i o n  f o r  the pressure  change considered. Ln o the r  words, €or a given .Wz*-air mix- 
t u r e  t h e  S.I.T. decreases with increas ing  pressure  because the  N02* equi l ibr ium 
s h i f t s  towards increas ing  concent ra t ion  of t he  more reactive N2O4. 
t h e  less r e a c t i v e  specie t h e  S.I.T. would probably have increased  i n i t i a l l y  w i t h  
i nc reas ing  pressure. 

This  f igu re  shows a direct cot- 

I f  N2O4 had b e 5  

D. Vaporized Fuel 

The above inves t iga t ions  vere conducted with l i q u i d  fuel; however, s M -  
l a r  results can be  obtained with gaseous fue l .  
vapor iz ing  a measured volume o f  l i q u i d  i n  air i n  t h e  modified ASTM apparatus. 
vas then i n j e c t e d  i n t o  t h i s  hea ted  mixture to  determine i f  an ign i t ion .  M u l d  result. 

Such data were obta ined  for UIWf by 
N02* . 
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Figure 8 shows the r e s u l t s  of t h i s  study; the  S.I.T. i s  given here  as a funct ion of 
the  U'DMH-concentration i n  the  UDMH-air mixture. 
25OC. a m)Mi-air mixture containing g r e a t e r  than 9 volume percent  mmtI w i l l  ignite 
spontaneously on contact  w i t h  N02* a t  t h e  same temperature. 

The lower l i m i t  of f lammabili ty (L.L.) l i n e  of UDMH-air mixtures is in- 
cluded in Figure 8. 
sidered nonflammable so t h a t  we would not  expect them t o  i g n i t e  spontaneously on 
contact  with NO2*. However, t h e r e  is a l s o  a range of mixture compositions between 
t h e  L.L. l i n e  and the  S.I.T. curve t h a t  are not  i g n i t e d  i n  t h i s  manner; an externa l  
i g n i t i o n  source (flame, spark,  e tc . )  m u l d  be required to  ignite these  mixtures. 

From t h i s  f i g u r e  we see  t h a t  a t  

Mixtures with lJE24.H concentrat ions below the  L.L. l i n e  a r e  con- 

111. CONCLUSIONS 

1. A t  ambient temperature (25OC.) and pressure,  l i q u i d  hydrazine,  mono- 
methylhydrazine and u n s p e t r i c a l  dimethylhydrazine i g n i t e  spontaneously i n  NOZ*-a i r  
ahnospheres containing N02* concentrat ions g r e a t e r  than about 8 ,  11 and 14 volume 
percent ,  respect ively.  These r e s u l t s  appear t o  be independent of the  f u e l  volume 
down t o  at l e a s t  10 b l i t e r s .  An increase  i n  the  l i q u i d  f u e l  temperature appears t o  
decrease the N02*-air mixture temperature required f o r  spontaneous ign i t ion .  

2. The addi t ion  of small q u a n t i t i e s  (0.3%) of oxygen t o  an He-N02* mix- 
t u r e  lowers the S.I.T. of UDME considerably (as much as 50°C.). 
oxygen may be ac t ing  as a t h i r d  body i n  the k i n e t i c  reac t ions  leading t o  ign i t ion .  

Th i s  i n d i c a t e s  that 

3. A moderate increase  i n  pressure tends t o  decrease the S.I.T. of UDMA i n  
ND2kdr.' The amount of decrease v a r i e s  with add i t ion  of N02* t o  the  air i n  the  same 
manner a s  the  mle f r a c t i o n  of N2O4. , 

4 .  A t  ambient temperature and pressure,  mixtures of UDHE vapor and air 
i g n i t e  spontaneously on contact  w i t h  NO2* provided the  UDMH concentrat ion i n  the 
UDMH-air mixture exceeds about 9 volume percent.  
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